Cold energy generation systems must be improved to prevent catastrophic climate change. In this study, we focused on an absorption chiller cycle with HFC-134a and an ionic liquid pair as the refrigerant and absorbent, respectively. It was expected that this absorption chiller cycle could generate cold heat below 0˚C. Two liquids were selected and their absorption equilibrium with this pair was evaluated for the absorption chiller cycle. We measured the adsorbed amount at equilibrium with 1-butyl-3-methylimidazolium bis(trifluoromethanesulfonyl)imide [BMIM][Tf2N] and N-trimethyl-N-butylammonium bis(trifluoromethanesulfonyl)imide [N1113][Tf2N]. The experimental results were reproduced using the nonrandom two liquid (NRTL) model. This analysis model corresponded well in terms of the amount of adsorption at equilibrium with the experimental results. A Duhring diagram was also generated the NRTL model, and the absorption cycle characteristics as a function of temperature were determined. The absorption chiller cycle obtained cold heat at 10˚C with a regeneration temperature of 70˚C in addition to generating cold heat below 0˚C.
and introduced into the absorber. The refrigerant vapor is then absorbed in the absorbent and afterwards is moved to the generator while heating. The heat causes the refrigerant gas to be desorbed from the absorbent and condensed in the condenser. The exhaust heat is used as the heat source of the generator. The most common refrigerant/absorbent pairs for absorption chillers are H 2 O/LiBr aqueous solution [2] and NH 3 Although absorption chillers and refrigerator driven heat sources can reduce energy consumption, problems remain in terms of their operation and ability.
Absorption chillers with the H 2 O/LiBr cannot generate cold heat below freezing temperature and the start-up time long time due to the influence of crystallization [3] . Although absorption refrigerator with NH 3 /H 2 O can generate cold heat below freezing, the volume of absorption refrigerator required is very large.
Thus, flash towers were introduced to ameliorate the problems with the In this study, we evaluated an absorption chiller with a novel refrigerant/absorbent pair, HFC-134a and ionic liquid. A mechanical type refrigerator was utilized with HFC-134a as the refrigerant.
The ionic liquid consisted of an anion and a cation [4] . Ionic liquids have unique characteristics including very low vapor pressure and wide liquidus range. If an absorption chiller could be operated with an HFC-134a/ionic liquid pair, it could generate cold heat below 0˚C without the need for a flash tower. As the HFC-134a is used as the refrigerant of the mechanical chiller, it is expected to combine with this absorption chiller and mechanical refrigerator. Keyence Japan) which could measure minute pressure changes associated with the absorption by PC. The pressure sensor was selected depending on the measured HFC-134a pressure range. The reaction cell was connected to the heating/cooling system by a thermostat bath and the sample was placed in the reaction cell and measured using Pt resistance temperature sensors.
Experimental Procedure

Experimental Apparatus
Refrigerant and Absorbent
The refrigerant used was HFC-134a Figure 3 shows a photograph of the absorbent in the reactor. Figure 3 . Photograph of the absorbent in the reactor.
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The amount of absorbent used was 2.0 g.
Experimental Procedure
The reactor cell containing the absorbent was connected to the chamber. The experimental equipment was first degassed at 1 kPa. To obtain the desired pressure, HFC-134a refrigerant gas was introduced into the chamber and the thermostat bath was set to the desired temperature. Operations involved operating the valves and connecting the reaction cell and the chamber. During absorption, the chamber pressure dropped and was recorded using a PC. When the chamber pressure change reached equilibrium, the amount of HFC-134a used in the absorption was calculated from the pressure change value. The Peng-Robinson equation was used to calculate the weight of the absorbed HFC-134a, and can be expressed as follows:
The absorption extent was calculated as follows:
chamber cell HFC-134a equiribrium equiribrium
Results and Discussion
Pressure Change during Absorption Determined by the Volumetric Method
A representative experimental demonstration is shown in Figure 4 . The experiment began when the valve between the reactor and chamber was opened.
HFC-134a gas was introduced into the reactor cell and was absorbed by the ionic liquid, as indicated by the decreased chamber pressure. Although the temperature in the reactor cell was initially raised by 0.5˚C, the temperature subsequently decreased and remained at 60˚C over the entire duration. The pressure decreased as the reaction was allowed to proceed. The equilibrium pressure was defined as that which was maintained for 10 min and the amount absorbed Journal of Materials Science and Chemical Engineering 
Absorption Equilibrium Model
Various models for the analysis of experimental absorption of HFC-134a with ionic liquids have been suggested. In this study, the absorption data was analyzed using the non-random two liquid model (NRTL) model. In general, vapor-liquid absorption equilibrium for an N-component system can be expressed by Equation (6),
where y i and x i are the vapor phase and liquid phase mole fractions for the ith species, respectively, P is the vapor equilibrium pressure, s i P is the saturated vapor pressure for the ith species, Φ i is a correction factor for the ith species, and γ i is the activity coefficient for the ith species. For the binary system (N = 2) of HFC-134a (R) and ionic liquid (IL) mixture system, the ionic liquid has little vapor pressure. Thus, it is reasonable to assume that PILS is 0 on y R = 1 at the temperatures used in this study. The activity coefficient for HFC-134a can be described by Equation (7):
In addition, the correction factor, Φ R , for the present case is [5] :
where the 2nd virial coefficient of species HFC134a, B R (T), was obtained us- 
where 0 R V is the molar liquid volume of the ionic liquid at temperature T and α V is a unique temperature-independent constant. Here we assumed that α V = 0.594 [7] . For the isothermal solubility data, the activity coefficients, γ R , were calculated at each observed x R point. Several activity models are available in the literature [8] . In the NRTL model, γ R and γ IL are calculated and defined by Equations (10) and (11) 
where G 12 and G 21 are defined by the NRTL interaction parameters as described by Equations (12) and (13).
( )
where α is the independent unique parameter, assumed to be α = 0.2 [9] , and τ 12 and τ 21 are adjustable binary interaction parameters using only the temperature dependent terms ( 
Absorption Extent at Equilibrium
The amount of absorption equilibrium is summarized in Figure 5 and Figure 6 . Figure 7 shows a comparison between the measured and predicted vapor pressure of HFC-134a. In addition, the amount of absorption at equilibrium increased as the HFC134a pressure increased. The error between the experimental and analytical values reached a maximum of 15% under these conditions. In particular, the pressure sensor exhibits large errors at high pressure (>500 kPa), while the experiment value was well reproduced by the model at low pressures (<500 kPa). Therefore, the type of pressure sensor used, depending on Journal of Materials Science and Chemical Engineering the experimental pressure, strongly influenced the experimental error value.
Different ionic liquids were prepared to evaluate the effects of ion structure on absorption equilibrium. Figure 8 shows the amount of absorption at equilibrium at 50˚C with three ionic liquids. [9] . Figure 8 shows that the amount of absorption at equilibrium was equivalent for all three ionic liquids.
The absorption heat value was calculated using the amount of absorption obtained in the analysis using the Clausius-Clapeyron equation, as described by Equation (16):
When the same amount of absorption was obtained at different temperatures and pressures, Equation (16) 
Some Common Mistakes
The characteristics of the absorption chiller and refrigerator cycle was investigated using the Duhring diagram of absorption solubility. We created Duhring diagrams of the absorption equilibrium obtained experimentally. The absorption relationship was expressed in terms of weight fraction in this diagram and Table 4 T
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lists the concentration weight of fraction at each temperature and pressure. As the evaporator temperature decreased, the concentration of adsorbent also decreased. Figure 9 shows the Duhring diagram for [BMIM] [Tf2N] which was used to evaluate the effect of regeneration temperature on the absorption weight fraction. The evaporator, absorber, and condenser were set to 10˚C, 30˚C, and 30˚C, respectively. The absorption weight was 13.9 wt% on the evaporator and absorber under these temperature conditions. The weight of desorption was 6.8, 8.1, and 10.2 wt% at 90˚C, 80˚C, and 70˚C, respectively. A significant difference in the absorption and desorption weights could be obtained under these temperature conditions. The absorption chiller could be operated with highest efficiency at 70˚C and Figure 10 shows the effect of the evaporator set to 10˚C, 5˚C, and 0˚C, with the generation temperature set to 90˚C. From Figure 10 , an effective absorption chiller cycle was obtained with freezing heat at the evaporator at 0˚C, but the difference between absorption and desorption weight fraction was minimal. It is likely that a large volume of absorbent must be circulated to obtain significant amounts of freezing heat compared to other temperature conditions. 
Conclusions
In this study, absorption chiller cycle characteristics were evaluated for a novel refrigerant and absorbent. HFC-134a was selected as a refrigerant and pair. Freezing cold heat could be successfully generated at a regeneration temperature of 90˚C.
